for a CT scan. Four patients underwent CT, two underwent MRI, and six underwent CT and MRI together (Table) . Diagnosis was confirmed histopathologically in seven patients who underwent surgical excision. The study was approved by the local ethics committee.
Imaging protocol
Toshiba Aquilion scanner (Toshiba Corporation, Medical Systems Company) equipped with 64 detectors was used. Multidetector CT was performed for the purpose of calcium coronary scoring, coronary CT angiography, and thoracic CT.
Cardiac MRI was performed using a 1.5 T imaging system (Philips Achieva; Philips Medical Systems) with electrocardiography triggering and with a flexible body array coil. Four-and two-chamber views and contiguous short-axis images of the entire heart were acquired with steady-state free precession inversion recovery sequence (3 ms/1.5 ms; flip angle, 60°). T1-weighted spin echo (TR/TE, 700/26; matrix size, 133×256; slice thickness: 5 mm) and T2-weighted spin echo (800/81; matrix size, 133×256; slice thickness: 5 mm) were acquired. A gadolinium-based contrast agent was intravenously administered, and early and delayed enhanced MR images were obtained.
Imaging evaluation
Each patient's symptoms and mass location and dimensions were retrospectively evaluated. The shapes of masses were assessed by a combination of MRI and CT scans as follows: irregular, ovoid, triangular, spherical, and tubular. The configuration of masses was assessed based on the following patterns: polypoid and infiltrative and with/without a broad-based appearance. The distribution of calcification was classified as partial and diffuse. Medical problems that accompanied CAT were also documented.
Results
Patients were mostly asymptomatic on presentation (58.3%). Masses caused symptoms related to obstruction or embolization such as shortness of breath (25%), syncope (8.3%), and central retinal arterial occlusion (8.3%). In all patients, the left sides of the heart were involved (91% ventricle; 8.3% left atrium) with extension into the mitral valve (n=3), aortic valve (n=1), and papillary muscles (n=2). Masses were not in the apical region. Mass diameter ranged from 1.3 cm to 4.3 cm.
Configuration and shapes of the masses were assessed together in MRI and CT scans and were eventually considered as a single result. Mass shapes were ovoid (n=3), irregular (n=3), tubular (n=2), triangular (n=2), and spherical (n=2). Configuration of the masses was polypoid (n=7), infiltrative (n=5), and a broad-based appearance (n=5) (Table) . The distribution of calcification in masses was diffuse in eight patients and partial in four (Fig. 1) . Calcification was predominant with large foci appearance as in partial calcified masses (Fig. 2) . CT findings indicated partial calcification with a
Main points
• Cardiac calcified amorphous tumors (CATs) are usually located in the left side of the heart. Shape and configuration of CATs are nonspecific; in this study, mass shapes were ovoid, irregular, tubular, triangular, and spherical.
• Mass configurations were polypoid, infiltrative, and broad-based. On CT images, CATs were mostly seen as diffuse calcified masses or partially calcified hypodense masses.
• Cardiac CATs show low signal intensity on precontrast T1-and T2-weighted turbo spin echo images with no contrast enhancement in early and delayed sequences; also they can have a mobile or firmly attached immobile appearance on gradient echo cine images on MRI. hypodense mass or a diffuse calcified mass. On cardiac MRI, CATs had a homogeneous appearance with low signal intensity on T1-and T2-weighted spin-echo sequences. Masses showed no contrast enhancement after gadolinium injection in the early and delayed sequences (Figs. 3, 4 ). CATs showed a mobile or immobile (firmly attached to the ventricle) appearance on gradient-echo cine sequences. Our patients had concurrent medical problems such as diabetes mellitus, systemic hypertension, and chronic renal insufficiency; they had no history of thrombus, a hypercoagulable state, or endocarditis. Three masses continued into the mitral valve and were defined as mitral annular calcification (MAC)-related CATs; end-stage renal failure was present in those three patients with MAC-related CATs. A 27-year-old patient with end-stage renal failure who was diagnosed with CAT showed an irregularly shaped, partially calcified, and infiltrative mass in the left atrium and a diffuse calcified polypoid mass in the papillary muscle (Fig. 5) .
Six patients over the age of 60 years were asymptomatic and had only intracavitary masses at the time of diagnosis. Of these, five were treated conservatively, and the mean follow-up interval without any evidence of disease by echocardiography or CT was six months. All symptomatic patients with masses that extended to valves were recommended to undergo surgery; consequently, seven patients underwent surgical excision. Three patients are alive and well without recurrence after the resection of masses. Histopathologic exam of the masses showed thrombi covered by fibrin and calcium deposits or nodular calcified amorphous debris with admixed degenerated fibrin and focal chronic inflammation, which are consistent with the description of cardiac CATs.
Discussion
Cardiac CAT is a rare, non-neoplastic mass usually found incidentally on imaging or imaging warranted because of symptoms of flow obstruction or, more rarely, embolization due to calcific fragments originating from the tumor. De Hemptine et al. (14) reported a literature review of 27 articles with 42 cases to provide more insight into the clinical characteristics of this disease. However, these studies did not report the imaging features of CAT. Herein, we evaluated CT and MRI features of CAT to improve our understanding of these tumors. On CT, CATs were mostly seen as partially calcified hypodense masses or diffuse calcified masses. Calcification was predominant with large foci in partially calcified CATs. All masses showed a homogenous appearance with a low signal intensity on precontrast T1-and T2-weighted spin-echo sequences with no contrast enhancement after gadolinium injection in early and delayed sequences on MRI. CATs can have a mobile appearance or an immobile one (firmly attached to the ventricle) on gradient-echo cine sequences. Configuration and shapes of cardiac CATs are variable in all published cases and in our study (14) . Our results suggest that mass shapes, such as ovoid, irregular, tubular, triangular, and spherical, are nonspecific features for CAT. A polypoid or an infiltrative appearance is the configuration of CAT based on our results.
The presence of calcifications within the mass should help to somewhat narrow the differential diagnosis of CAT. Fibromas manifest as mildly enhancing soft-tissue attenuation masses with up to 50% containing calcification foci on CT; but majority of fibromas occur in children and show delayed intense enhancement on MRI (15) . Fibromas manifest small calcification foci with an often central location (16) . Calcifications are seen in approximately 14% of cases as small calcification foci and are more frequent in right-sided myxomas, but the use of MRI will generally help differentiate CAT from a myxoma by the lack of contrast enhancement (16) . Further, the most common locations for myxomas are atriums, and they are rarely found in ventricles. Large calcification foci are a characteristic hallmark of cardiac osteosarcomas (16, 17) . However, osteosarcomas are ill-defined and show an aggressive invasion and strong enhancement after intravenous gadolinium. Although CAT has been hypothesized to be an organized thrombus in the literature, its pathogenesis remains poorly understood (14) . Clinical features, such as the usual apical location and unusual frequency, can be helpful to differentiate a calcified thrombus from CAT. Thrombus calcifications are seen as small calcification foci; large foci or a diffuse appearance is rare (18) . Left ventricular thrombi are typically visualized on gradient-echo cine sequences as low signal intensity intra- (19) . Large thrombi may enhance the periphery, unlike CAT (18) . CATs that involve the mitral annulus can mimic vegetation in echocardiography, which can be challenging to distinguish preoperatively. MRI is useful for making an accurate diagnosis in cases where CAT is close to the cardiac valves. CT is needed to show the calcified structure of masses that appear suspicious on echocardiography. On cine MRI, valvular pathologies can be identified and vegetation shows early and delayed contrast enhancement unlike CAT (20) . MAC is a finding of mitral annulus involvement, particularly in patients with end-stage renal disease. Kawata et al. (21) described CATs that involve the mitral annulus as MAC-related CATs, which are considered to be a subgroup of CATs (4-6). We had three patients with a MAC-related CAT appearance, one of whom shared similar features with the patients described in the literature (4) (5) (6) 21) . These three and another one patient aged 27 years had chronic kidney disease; thus, patients with end-stage renal disease could be speculated to have an increased risk of MAC-related CAT or just CAT. However, the relationship between CAT and other medical problems has not been reported in this study.
Reynolds et al. (1) first described CAT and reported this entity as a cardiac mass characterized by nodular calcification in an amorphous background of fibrin with focal inflammation and a degenerating thrombus. Subsequent reported cases have generally supported this description. In contrast, Lewin et al. (2) and Kubato et al. (6) described cardiac CAT as late-phase chronologic changes in a thrombus and reported abnormal calcium metabolism due to renal dysfunction and suggested that inflammation associated with hemodialysis may contribute to rapid growth and pathologic changes. Histologic findings in our patients were thrombus with angiogenesis, fibrin, and calcium deposition, as reported in a literature review (4) (5) (6) (7) 14) .
In general, CATs are associated with a potential risk of stroke or embolism. Our patients were mostly asymptomatic on presentation, and CATs were incidental findings, particularly in advanced ages. De Hemptine et al. (14) reported that the most frequent presenting symptoms were dyspnea followed by syncope. Surgery was performed in most reported cases in their literature review, but asymptomatic patients who were followed without surgery may have been underreported in the absence of histopathologic confirmation.
Yasui et al. (10) described time course changes of the inflammatory findings of a patient with CAT on positron emission tomography and observed the size of the cardiac mass for two and a half years with no obvious changes. In light of these findings and our five asymptomatic patients with nonprogressive masses during follow-up, surgery is not required in every case; asymptomatic patients can be followed up, particularly those at older ages. Patients with rapid-growing tumors are speculated to have an increased risk of embolic events and should be considered to have a special CAT subgroup; thus, if a patient becomes symptomatic or mass dimensions change during follow-up, surgery is urgently required (6, 11) . If a mass reaches the cardiac valves or manifests a diffuse-infiltrative configuration, this can lead to heart failure in asymptomatic patients due to tumor impaction (12) . Recurrence from incomplete resection has been reported in one patient (8, 13) . Patients should be monitored with repeat cardiac imaging after excision.
The limitations of our study are the absence of histopathologic confirmation of all masses and the lack of cardiac CT and MRI follow-up for all patients.
In conclusion, cardiac CATs are more frequent in females and at advanced ages. They are usually located in the left ventricle. CATs show low signal intensity on T1-and T2-weighted images with no contrast enhancement. CT can be used to verify calcification in suspected CATs. Shape and configuration of masses are variable; however, infiltrative or partially large tumor calcification foci are common. Familiarity with imaging findings of CATs can facilitate a correct diagnosis while avoiding unnecessary surgery, particularly in asymptomatic and elderly patients. 
